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A WIND-TUNNELINWZSKCI(WIONOFTEEDEVELOPMENTOFLIFT

ONWINGSIN ACCELERATEDLONGI’J?UI)INALlK)l!ION

Ey ThomasR. Turner

An investigationwasmadeintheLangley300MPH7- by 10-foot
tunnelto determinethedevelopmentof liftona w- duringa simulated
constant-accelerationcatapulttake-off.Theinvestigationincluded
modelsofa two-dhensionalwing,an unswept Wi% having an aspect
ratioof 6,a 3>0sweptwinghavingan aspectratioof3.05,anda
60°deltawinghavinganaspectratioof2.31..

Allthewingsinvestigateddevelopedat least90percentoftheir
* steady-stateliftinthefirst7 chordlengthsoftravel.Thedevelop-

mentof liftwasessentiallyindependentoftheaccelerationwhenbased
on chordlengthstraveled,andwasinqualitativeagreementwiththeory.

INTRODUCTION

Therehasbeenconsiderableinterest in theeffectofacceleration
onthedevelopmentof liftas encounteredin carrier-deckcatapulttake-
offs. Thisproblemhastakenongreatersignificancewiththeincrease
ofaccelerationcapabilitiesof catapultsandwiththetake-offcoming
at fewerchordlengthsofdeckrunas a resultofthelargechordsasso-
ciatedwiththelow-aspect-ratiosweptanddeltawings.

Severalavailabletheoreticalpapersexistonthedevelopmentof
lift(refs.1 to 4);however,scarcelyanyexperimentaldataareavail-
ableintherangeofaccelerationsobtainablewithpresentanddesign-
stagecatapults.Therefore,thepresentinvestigation
determinetowhatextenttheliftmightbe affectedly
encounteredin catapulttdse-offsforseveralwingsof
ratios.

*
A two-dimensionalwing,anunsweptwinghavingan

a 35°sweptwing havingan aspectratioof3.05, snda.

wasmadeto
accelerations
differentaspect

as ectratioof
@g deltawing
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having
attack

an aspectratioof2.31were
andseveralaccelerations.

MODELAND

investigatedat severalanglesof
.

AYF!!TVS w

Geometriccharacteristicsofthefourmodelsusedinthisinvesti-
gationaregiveninfigure1. Thetwo-dimensionalandunswept-wing
modelshadNACA0012airfoilsections,thedeltamodelhadNW! 65Ao03
airfoilsections,andthesweptwinghada symmetrical10.5-percent-
thickairfoilsectionwiththemaximumthicknessat39percentofthe
chord.Thecoordinatesforthiswingsectionaregiveninreference5.

Theinvestigationwasmadeina specialtestsectionconstructed
withintheregulartestsectionoftheLangley300MPH7- by 10-foot
tunnel. WS specialtestsectionwasa rectemgulartubeI-6feetlong
witha ~-by ~-footrectangularcrosssec%ion(fig..2(a)).Thedown- .—
streamendofthespecialtestsectionwasequippedwithpneumatically
operateddoors(fig.2(b)).A schematicsketchofthetestsectionis
presentedinfigure3. Thisparticulartestsectionwasdevelopedas
a resultof considerablepreliminarytestingto getthetypeofflow

.

desiredforthisinvestigation.
.

*

Thesemispanmodelsweremountedona one-compon=nt(lift)elec-
tricalstrain-gagetypeofbalancehavinga naturalfrequencyofapproxi-
mately~0 cyclespersecond.Thedynamicpressureofthetestsection
wasobtainedfroman electricalpressurepickupseveralchordlengths
aheadofthemodelandontheoppositewall..Theoutputofboththe
liftbalanceandthedynsmic-pressurepickupwererecordedona recording
oscillograph.

TestTechnique

Inoperationthetunnelwasbroughtup toa givenvelocitywith
thedoorsheldclosedby airpressur’einthecylinder.Inthiscondition
thetunnelairstreamwouldpassaroundthefoursidesofthespecial
testsectionandleavethetubefilledwithstillair. Whenthedoors
wereopened,theairinthetubestartedmovingandtheacceleration
dependedonthetunnelairstresmvelocityandtherateatwhichthe
doorswereopened.A two-wayvalvewasusedforcuttingtheairsupply
tothedoor-closingpistonand’bleedingthepistonsothatthedoors
couldbemadeto openatthedesiredrate.Figure4 givesthevaria-
tionofvelocitywithtimeforseveraltestsandshowsthatessentially
constantaccelerationswereobtained.

A
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Thetestprocedureusedconsistedof

3

settingthemodelat a given
. angleofattackandmakingsimultaneousoscillog&msofmodelli~ and

dynamicpressurefora rangeof constantvelocities(withdoorsopen)
andthenforseveralratesofaccelerationoftheairstream.. Sample
oscillogramsforthesetwotypesoftestsaregiveninfigure5. The
dataarepresentedastheratiooftheliftinacceleratedflowto the
liftatthesamedynamicpressureforthesteady-stateconditionasa
functionof chordlengthstraveled.

Jet-boundarycorrectionsarebelievedto havea negligibleeffect
onthelifiratiospresentedandwere,therefore,notapplied.

RESULTSANDDISCUSSION

Therestitsaf thisinvestigationarepresentedinfigures6 to 10.
Thedatapresentedinfigures6 to 9 areforanglesofattackofabout100
andarerepresentativeofdataobtainedforothersnglesofattack
belowthestall.

.
Thevariationoftheliftratiowithchordlengthstraveledfor

variousconstantaccelerationsfortheunsweptwing(fig.6) indicates
* thatthedevelopmentofliftat a constantaccelerationispractically

independentofaccelerationwhichis in~eement withtheory.Since
thevariationoftheliftratiowithchordlengthstraveledforthe
unsweptwing(fig.6) istypicalofthevariationfortheotherwings
tested,onlyoneofthehigheraccelerationrunsispresentedforthe
remainingwings.Eachofthedifferentplan-formwingsdeveloped
90percentof itssteady-stateliftwithin7 chordlengthsoftraveland
100percentwithinabout14chordlengths(figs.6 and7).

Theexpertientaltwo-dimensionaldataofthisinvestigationare
comparedwiththetheoreticaltwo-dimensionalvaluesofreferences1
and2 infigure8. Thetheoryofreference2 variesfromthetheory
ofreference1 inthatit includesa noncirculatoryorvirtualmass
term. Thistermispowerfulindeterminingthevalueoftheliftratio
forthefirstfewchordlengthsoftheacceleratedtestrun,andgives
a startinglift-ratiovalueofmorethan1.W; however,thistermbecomes
insignificantafter5 or 6 chordlengthsoftravel.Theexperimental
curveis inverygoodagreementwiththetheoreticalcurveofreference2
forapproxhatelythefirstthreechordlengths;however,abovethree
chordlengthstheexperimentalcurveapproachesa lift-ratiovalue
of 1.00fasterthanthetheoreticalcurves.Partofthisdiscrepancy
canprobablybe attributedtothefactthatitisalmostimpossibleA to getan ehnental two-dtiensionalsetupbecauseofendeffects.

.
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acceleratedliftto steady-
stateliftalwaysequalto orgreaterthan1.00.Thisfactseemsrea-
sonableconsideringthatthetheo~ fortheconstantvelocitycase
predictsthatfinitewingsdevelopsteady-stateliftat fewerchord
lengthstraveledastheaspectratioisdecreased(fig.9)..The
finitetheoreticalcurvesarean extensionby Jones(ref.3) ofthe
constant-velocityinfinite-aspect-ratiocasedevelopedbyWagnerin
reference1.

TIEinvestigationontheunsweptwingwasELISOtie at16°angle
ofattackwhichwasmnsiderablyabovethestalleagle.Thedatafort
thisconditionatanaccelerationof410feetpersecondpersecondare
presentedinfigure10. Theliftvaluefora~roximatelythefirst
6 chordlengthstraveledwasapproximatelytwicethesteady-state-lift
value,thevalueobtainedby emendingtheunstalledliftcurveto an
angleofati%ckof16°,anddecreasedto thesteady-statevalueat
approximately15chordlengths.Thisisinqualitativeagreementwith
restitsfroma simiIEu-investigationinreference6.

CONCLUSIONS

Theresultsofa wind-tunnelinvestigationto determinetheeffect
ofaccelerationonthedevel~mentofliftindicated,thefollowing
conclusions:

1.Thewingsinvestigateddeveloped90percentofsteady-state
liftin7 orfewerchordlen@hstravelanddevelopedsteady-statelift
within14 chordlengthsoftravel.

2.Theresultswereinqualitativeagreementwiththeory.

3.Forconstantaccelerationthedevelopmentofliftwaspractically
independentofaccelerationwhenbasedon chordlengthstraveled.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

Lan@.eyField,Vs.,August15,1956.
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(a) Dooropen. L-81724

F5.gure2.- Photographorteiitsetup. -1
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Door closed. L-81725
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Figure4..- ~ical variationofvelocitywithtimeforseveral
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Figure 6.-t%riation of ratio of acceleratedM to steady-stateUft
withdistancefor the unawpt wing.
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Figure

wing A cceleration Aspect rotio

–—– Delta 348 ff..sec2 2.3/
—— —— Swept 240 3.05
— — Unswept 231 6.00
------— 2-dimen. 430 m

7.- Variationofratioofacceleratedliftto
withdistance.

chords ‘

steady-statelift
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It@re 10.- Vari8tlonofratio of acceleratedlift to 6teady-state
for m angle of attack above steady-statestall. Acceleration,
410 feet per second per eiecond.
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